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Numerical study of delamination in drilling of Glass/Polyester and investigation
of mode II fracture contribution

Mahdi Ganjiani®, Hossein Oruji, Majid Safarabadi Farahani
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Delamination is one of the most important defects that reduces the strength of a part. Many researchers
Received 20 April 2017 have studied delamination in drilling of composite materials and they tried to formulate this
Accepted 01 July 2017 phenomenon by developing of analytical, numerical and experimental models. In these models up to

Available Online 09 August 2017 now, only effect of model and modelll of crack propagation is considered and effect of modell is

neglected. The goal of this research is determination of modell effect on propagation of interlaminar

Keywords:

Delamination cracks during drilling of multilayered composites by means of finite element analysis (FEA).Thus the
Finite element Analysis (FEA) numerical analysis of delamination of unidirectional Carbon/epoxy composite during drilling is
Composite drilling performed by modification of previous numerical models. The numerical method used for determination

Virtual crack closure technigue of strain energy release rates in model and modell is Virtual Crack Closure Technique (VCCT). This

analysis is performed for crack propagation under chisel edge when the drill has not come out from the
workpiece and for crack propagation under cutting edges when the drill has come out from the
workpiece. By determining strain energy release rates in model and modell and comparing them with
critical values G;. and Gy, the critical thrust force that causes delamination is determined and
contribution of each crack propagation mode in delamination is discussed. At the end of this research, it
was found that the effect of model is more than modell in all of cases such that more than 95percent of
crack propagation parameter in power law criteria is due to strain energy release rates in mode 1.
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Fig.7 G; and Gy, distribution along crack tip(quasi-isotropic, number
of plies under drill 3 plies)
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Fig.8 Power law crack propagation criteria parameter
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») aJJLA‘;lg (_gl.hé.iy Slaws }glﬂ » &5“‘:’&;‘)’3 wl.)o ‘:l)z: &9y QJS.w

(29593) 4 oz e ()l 1) S5 5 1S) ake

8 o)laibs 17 0931396 oLT (Hurde Suilfo wite

S5 oS Jlere 00 (Sike 4 b ogd iy s> 5l 550 3lesls]
ol a8 el g e oS5 G teS laylna 1 (So 05 0051
D9l s0 hypai D90
(GG—IIC)"‘1 + (%)"‘2 + (%)“3 =1 ®
sl )5 b s cole @ bawe o az gap @y ol o oS
Gl il ol e a5 w05 Ladiie Cedie plo Liwgs 438 Salul
s Gk ol 2 51 oy g0 ] Sl 5035 Gy b S gpels
Al oo 16 Ll Lo L 350 oole (gl a5 035 asiie 43S &9
5 oS oo Sk |y oy S35 5 Sl D50 oy (55, 3, [17]
o 3l S 95 O ST pmleiios (oop ) S 3 S Jlrs e
e oo Giali8l ) 950 (gie ) dm al e jo WS 005l 1) lxe &S aiL
) Slexe 03,50 Jolo 9505 cnl 51 a5 5yl ileolil g5 S ol b
b slaYom Gl Gl o Olse @ |y s il 5 wiled el
sbay sl oS SV 6y 5 ol pmleis S Sy hyieS
Sl ;0 @l § 85 Ojge o wbl eule (Bl ale nj 50 olite

el ol L]

Sguzxo ylod! Judexs 31 ool Cawdy m=bi—-3-2
3G e 5 9008 o U 4 a8l Joo (b el 5 (L5 Joe ol
S loges TUSE 10 g del Cawdy il odumw, 395 Sl o 4 5
4 S Gy lode a5 ol S8 a4y p3Y adl oS o cnnlie |y alogs e
ESPRAE PRSI 3 W SNURIES ST IS W P
Sl el 8USE 5o el s Gy JlEe 5l Gy gy Hlade (e Y
1335 o0 it o3 25 g0 48 S5 Job 53 i S5 S
G 16 Gu 1.6
a= (=0 + (=t ®
G G0

TaY o Gl g S S A8 o Sl iRl Sl oSS 5
el (65908 0)linlye AT g0 a4 Az gl Ll wo oo F) 1loge il w4l
el Ujl":'“ )i"'xs" L‘ Gl,max5 Gll,max L)‘bb C) LJ"M a5 el Q—‘ S U’Js‘
ol 39 455 S35 g SRS b (S 5o Ty 39 al Sl et 5
Moge cot S5 (hyd ply 50 0jseelS oole ol Cunglin a5 ol
5 Sl s Toge 4y Cond (6 youdy b Sy j5alS ST viilen Sl
ool e Toge Jl Cod 20508 0lge ol o slu¥in bS5
[oge Jl o S5 po 5k bl cwl i Gl G 8593 9929
SIS L Ioge 51 Lol woaelanay ¥ Glulos g wb e by
)L.M..: A CJ‘ll 5o L_,,_L,.l;u LghbJ..M 43‘)| ‘5‘).3 6)jdm Q.ﬂ Sl
@ 35 e S5 B e llase Sl Glgiee s Sl diesgw

Wled s do 5 sl slaws oS SV gl (LS Jolhe plsl b
bl 5 w5 abre alpe 58 50 P ¥ om Gl Gl 6550
@l ab awglie (9151 Grasy 5l Jol> 228 @l 5 o) go0e Jolos
AuS oo odline 9 S o,

* Power law

178



VLD 9 HLFS S

Sl IT 390 @i () 22 9 WS 931/ (1205 335940l SHB LG )3 SlaY g Pl 03333 533c dxllbe

Critical Thrust Force(N)

1 2 3 4
Number of Plies

Fig.11 Critical thrust force vs number of plies(Crack propagation
under chisel edge, Unidirectional layup)
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